The SDE extract of Geranium tuberosum L. from Iran was analysed by GC and GC/MS. A total of 93 compounds, representing 89.8% of the entire extract were identified. The composition was dominated by 3-methylbutanal (5.4%), furfural (5.3%), α-pinene (4.1%) and linalool (6.4%), as well as fragranol (4.4%) and fragranyl acetate (7.4%), two rare cyclobutane monoterpenoids never reported previously in the genus Geranium.
The genus Geranium is comprised of more than 300 species of perennial herbs or shrubs, native mostly to subtropical southern Africa [1] . The closely related genus Pelargonium contains some herbaceous plants that are commonly called geraniums. Geranium oil, an important product in perfumery, is processed from some hybrid species of Pelargonium and its world production reaches about 150 metric tons [2] . The essential oils of Geranium and Pelargonium species are widely used in the cosmetic and fragrance industry [3] and many studies on their composition have been reported [4] [5] [6] [7] .
Twenty-two species of Geranium are found in Iran [8] [9] , among which is G. tuberosum, a perennial plant found growing in the Mediterranean area and eastwards to Central Asia, in cultivated and fallow fields and occasionally by riversides and scrubland. To the best of our knowledge, the volatile compounds of this species have not yet been investigated. In this work, we report on the analysis of a SDE extract obtained from the aerial parts of G. tuberosum growing wild in Iran.
The orange SDE extract of G. tuberosum was analyzed by GC/MS, and 93 compounds, representing 89.8% of the total oil were characterized. The relative concentrations of the volatile components identified are presented in Table  1 . After a first analysis, the composition of the extract proved to be rather complex, as even the main constituents were present in low amount (4-7%) and most of the other compounds showed percentages of less than 1%. Among the main constituents, 3-methylbutanal (5.4%), furfural (5.3%), α-pinene (4.1%), linalool (6.4%) phenyl acetaldehyde (4.0%) and fragranol (4.4%) were identified. Unfortunately, the most abundant compound (7.4%), at RI 1322, could not be identified with reliability. The mass spectrum of this constituent presented a pattern close to that of grandisol (1) and fragranol (2), but with an additional fragment at m/z = 43. Hence, as this product had a retention index in the region of the monoterpene acetates, we supposed that it could be either 3 or 4 ( Figure 1 ), but our databases were not sufficiently informative on these two compounds to confirm our hypothesis. Thus, we performed fractionation of the whole extract by column chromatography on silica gel in order to obtain a purified sample of this compound, which was then subjected to NMR analysis. The 1 H-NMR spectral data were in accordance with those Volatile constituents of Geranium tuberosum Natural Product Communications Vol. 1 (5) of an ester of fragranol [10] , like fragranyl acetate (3) [11] , which is easily discriminated from grandisyl acetate [12] on the basis of the chemical shift of the methyl group linked to the cyclobutane moiety. According to the spectral data of fragranol [10] , its 13 C NMR signals were also consistent with the structure of fragranyl acetate and are reported herein for confirmation, as well as for their usefulness in the analysis of complex mixtures by 13 C NMR [13] [14] . Finally, this compound was reduced with lithium aluminium hydride in tetrahydrofuran, and fragranol was obtained, which confirmed unambiguously that the main component of the SDE extract of G. tuberosum was fragranyl acetate (3).
Up to now, fragranyl acetate has been reported only in three different species. After its discovery by Bohlmann et al [11] in the root extract of Artemisia fragrans Willd., it was subsequently found in two members of the genus Achillea : A. ptarmica [15] and A. wilhelmsii C. Kock (Syn. A. santolina L.) [16, 17] . In the latter species, it constituted more than 50% of the essential oil of the Egyptian chemotype [17] , while it was absent from the Turkish sample [16] .
Experimental

Plant material:
The aerial parts of Geranium tuberosum L. were collected in Damavand, Tehran province, Iran, in August 2004. The fresh plants were dried at room temperature before extraction. After taxonomic identification, a voucher specimen (N° 58818) was deposited in the Herbarium of the Research Institute of Forest and Rangelands (TARI).
Extraction procedure: Dry aerial parts of G. tuberosum. (400 g) were subjected to Simultaneous Distillation-Extraction [18] [19] (SDE) in a conventional Likens-Nickerson apparatus, using dichloromethane as solvent. After extraction (4 h), the solvent was dried on magnesium sulfate, and carefully evaporated to 2 mL at room temperature under vacuum. This extract was reduced further under a gentle nitrogen stream, and the resulting oil (200 mg) was stored at 4°C before GC and GC/MS analysis.
GC and GC/MS conditions:
GC and GC/MS analyses were carried out using an Agilent 6890 N gas chromatograph equipped with a FID and coupled to a quadrupole Agilent 5973 Network mass selective detector. The gas chromatograph was equipped with two fused silica capillary columns HP-1 (PDMS, 50m × 0.2mm i.d., film thickness = 0.33 µm). The carrier gas was helium (head pressure for both columns = 25 psi); oven temperature was programmed from 60°C (0 min) to 250°C at 2°C/min and held isothermal for 40 min. The FID temperature was set at 250°C and the temperatures of the ion source and the transfer line were 170°C and 280°C, respectively. Ionisation energy was set to 70 eV; the applied ionisation mass range was 35-350 amu.
H and 13 C NMR conditions:
The NMR spectra were recorded on a Bruker WM 500 MHz spectrometer, in deuterated chloroform, equipped with a 5 mm probe. The chemical shift values are reported in ppm with reference to the solvent signal and the multiplicities of the 13 C-NMR signals were determined with a DEPT program.
Identification of constituents:
The constituents of the SDE extract were identified by comparison of their mass spectral pattern and retention indices (RI) with those of pure compounds registered in commercial libraries and literature data [20] [21] [22] [23] , or a laboratory-made database build up from authentic compounds.
Fractionation of the extract:
The G. tuberosum extract was fractionated by flash chromatography (FC) on silica gel (200-500 µm), using pentane with increasing amounts of diethyl oxide as eluent. After two successive FC, the main constituent was analysed by 1 H and 13 C NMR spectroscopy. 
